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,QWURGXFWLRQ
7KHQXPEHURIURDGDFFLGHQWVLQZLQWHUSHULRGLVGLUHFWO\FRQQHFWHGWRUHGXFHGVNLGUHVLVWDQFHGXHWR
VQRZIDOOKRDUIURVWRUEODFNLFH+RDUIURVWRUEODFNLFHWHQGWRRFFXUORFDOO\JLYLQJWKHXQSUHSDUHGGULYHU
OHVV SRVVLELOLW\ WR UHFRJQL]H WKH VOLSSHU\ URDG FRQGLWLRQV LQ WLPH IRU DQ DSSURSULDWH VSHHG UHGXFWLRQ
:LQWHUPDLQWHQDQFH LV DQ HVWDEOLVKHG DQG SURYHQZD\ WRPLQLPL]H WKH ULVN RI DFFLGHQWV GXULQJZLQWHU
SHULRGDQG WKHUHIRUH LQGLVSHQVDEOHIRUSHRSOHDQGHFRQRP\LQUHJLRQVZKHUHVQRZIDOODQG WHPSHUDWXUHV
EHORZ&RFFXU
7KH FRVW RI ZLQWHU PDLQWHQDQFH DFFRXQWV IRU URXJKO\  WR  RI WRWDO PDLQWHQDQFH EXGJHWV RQ
$XVWULDQKLJKZD\VDQGRQ&DQDGLDQ+LJKZD\V%XFKDQDQ7KHEHQHILWRIZLQWHUPDLQWHQDQFH
IRUHFRQRP\DVDUHVXOWRIWLPHVDYLQJVUHGXFHGLQMXULHVDQGGHDWKVRQWKHURDGKDVEHHQSURYHQVHYHUDO
WLPHVKLJKHU%DUNHWDO.ORW]HWDO8VPDQ+HQFHWKHFRVWVRIZLQWHUPDLQWHQDQFH
DUHZD\EHORZWKHEHQHILWVIRUWKHHFRQRP\)XUWKHUPRUHWKHDSSOLFDWLRQRIDQDYHUDJHRIWRQVVRGLXP
FKORULGHDSSOLHGSHUODQHNLORPHWHUDQG\HDULQ$XVWULD+RIIPDQQHWDOLVOLNHO\WRDIIHFWURDGVLGH
SODQWV%ORPTYLVWVRLOJURXQGZDWHUDQGQHDUE\ULYHUV5DPDNULVKQD$QRWKHUGUDZEDFNRI
VDOWLQJDUHPHWDOFRUURVLRQRQFDUVEULGJHVDQGRWKHUURDGDVVHWV$QRSWLPL]DWLRQRIWKHVDOWUDWHWKHUHIRUH
LVFUXFLDOLQRUGHUWRDYRLGXQQHFHVVDU\HQYLURQPHQWDOGDPDJHGXHWRH[FHVVLYHZLQWHUPDLQWHQDQFH
0RGHOLQJWKHSK\VLFDOSURFHVVHVRFFXUULQJLQZLQWHUPDLQWHQDQFHZLWKWKHNH\IDFWRUVVNLGUHVLVWDQFH
DQG URDG FRQGLWLRQ DOORZV DQ HVWLPDWLRQRI WKHRSWLPDO DSSOLFDWLRQ UDWH GHSHQGLQJRQZHDWKHU IRUHFDVW
WUDIILF YROXPH DQG URDG WH[WXUH )XUWKHU FRQVLGHUDWLRQV LQFOXGLQJ WKH VHQVLWLYLW\ RI WKH UHFHLYLQJ
HQYLURQPHQWRQWKHRSWLPDODSSOLFDWLRQUDWHZHUHQRWVFRSHRIWKLVUHVHDUFK6LPSOHDSSOLFDWLRQUDWHWDEOHV
DV H[SODLQHG LQ VRPH FRXQWU\ UHSRUWV FLWHG LQ 3,$5&  RQO\ FRQVLGHU DLU WHPSHUDWXUH PRUH
DGYDQFHGRQHVFRXQWLQWKHLPSRUWDQFHRIURDGVSUHFLSLWDWLRQW\SHDQGWHPSHUDWXUHUDQJHV)*69
7KHVH WDEOHVKDYH WREH NHSW VLPSOH LQRUGHU WREHXVHGE\ZLQWHUPDLQWHQDQFHSHUVRQDO6LQFH VLPSOH
WDEOHVDUHYHU\ULJLGDQGDGYDQFHGRQHVRSHQWKHZD\IRUPLVLQWHUSUHWDWLRQWKHUHVXOWLQJDSSOLFDWLRQUDWHV
DUH VXERSWLPDO DQG WKH DFFHSWDQFH RI WKHVH WDEOHV LV ORZ 0RVW H[LVWLQJ ZLQWHU PDLQWHQDQFH PRGHOV
KRZHYHUVSHFLDOL]HRQRQHSDUWLFXODUHOHPHQWRUGRQWFRQVLGHULPSRUWDQWIDFWRUVVXFKDVSUHFLSLWDWLRQUDWH
RU URDG FRQGLWLRQ 7KH SUHVHQWHG PRGHO JRHV EH\RQG WKHVH DSSURDFKHV WRZDUGV D SUHGLFWLRQ RI VNLG
UHVLVWDQFHDVWKHNH\IDFWRURIURDGVDIHW\
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)LJ6FKHPDRIDPRGHOGHVFULELQJRQJRLQJSK\VLFDOSURFHVVHVGXULQJZLQWHUPDLQWHQDQFHLQRUGHUWRHVWLPDWH
URDGFRQGLWLRQVDFFRUGLQJWRVHYHUDOIDFWRUV
7KHPRGHOVKRZQLQ)LJXUHFRQVLGHUVDOOPDLQ IDFWRUVDQGDOORZVDQHVWLPDWLRQRI URDGFRQGLWLRQV
GXH WRDFKRVHQDSSOLFDWLRQ UDWHXQGHU VSHFLILFZHDWKHUFRQGLWLRQV WUDIILFYROXPHDQG URDG OD\RXW7KH
DSSOLHGVDOWLVUHGXFHGGXHVSUHDGLQJORVVHVDQGWUDIILF5HVLGXDOVDOWDQGSUHFLSLWDWLRQIRUPDEULQHRQWKH
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URDG ZLWK D GHFUHDVLQJ FRQFHQWUDWLRQ 7KH FRPSDULVRQ RI URDG VXUIDFH WHPSHUDWXUH DQG EULQH IUHH]LQJ
SRLQWGHSHQGLQJRQEULQHFRQFHQWUDWLRQDQGW\SHRIGHLFHUVKRZVWKHULVNRIVQRZRULFHRQWKHURDG)RU
DFFXUDWHUHVXOWVRIWKHPRGHOWKHJLYHQURDGOD\RXWDQGVXUIDFHWH[WXUHDUHWDNHQLQWRDFFRXQWDVZHOO,Q
$XVWULDH[LVWLQJGDWDIURPFRQWLQXRXVFRQGLWLRQVXUYH\ZLWKWKH5RDG67$5V\VWHP*UXEHUFDQEH
XVHG LQ WKHPRGHO )RU DQ\ VLPXODWLRQ WKH URDG LV GLYLGHG LQWR LQGLYLGXDO VHFWLRQV WKDW DUH VSHFLILHG DV
PHQWLRQHGDERYHDOORZLQJDVHSDUDWHVLPXODWLRQRIHDFKVHFWLRQ
'HWHUPLQDWLRQRIUHVLGXDOVDOW
8VLQJGHLFHUV WRSUHYHQW VOLSSHU\ URDGVPDNHV WKH DFWXDO DPRXQW RI GHLFHU RQ WKH URDGRQHRI WKH
PDLQ IDFWRUV WRHYDOXDWH URDGVDIHW\ LQ WKHSUHVHQWHGPRGHO6LQFH1D&O LV WKH IDYRUHGGHLFHUXVHGRQ
URDGV WKHPRGHO VWDUWVZLWK UHVLGXDO VDOW HVWLPDWLRQ LQ WKHZKHHO WUDFN3DVW DQG UHFHQW VWXGLHV =XODXI
+DXVPDQQJLYHDFOXHRQWKHKLJKVDOWORVVHVLQDVKRUWSHULRGDIWHUWKHDSSOLFDWLRQEXWGR
QRWSURYLGHHQRXJKGDWDIRUDVWDWLVWLFDODQDO\VLV,QRUGHUWRSURYLGHKLJKTXDOLW\HVWLPDWLRQVRQUHVLGXDO
VDOW QHHGHG LQ WKHPRGHO H[WHQVLYH ILHOG WHVWV WRRN SODFHGXULQJZLQWHU  ERWKRQ KLJKZD\V DQG
UHJLRQDOURDGVZLWKOHVVWUDIILFYROXPH
7KH DPRXQW RI VDOW KDV EHHQ GHWHUPLQHG XVLQJ WKH ³6DOW 4XDQWLW\ 0HWHU 62%2´ IDEULFDWHG E\
%RVFKXQJ PHFKDWURQLF ZKLFK DOORZV KLJK QXPEHUV RI PHDVXUHPHQWV LQ VKRUW WLPH GXH WR LWV HDV\
KDQGOLQJ(DFKUHVLGXDOVDOWYDOXHLVWKHDULWKPHWLFPHDQRIILYHPHDVXUHPHQWVORFDWHGLQWKHULJKWZKHHO
WUDFNRI WKH ILUVW ODQH7KHPHDVXUHPHQWVZHUH WLPHG ULJKW EHIRUH DQG DIWHU VDOW DSSOLFDWLRQ LQRUGHU WR
FRPSDUHWKHDSSOLHGDPRXQWZLWKWKHDSSRLQWHGDPRXQW7KHIXUWKHUGHFUHDVHZDVPHDVXUHG
DQGPLQXWHVDIWHUDSSOLFDWLRQ$OOVDOWVSUHDGHUVXVHGLQWKHILHOGWHVWVZHUHFDOLEUDWHGEHIRUH
WKHZLQWHUVHDVRQDQGXVHGSUHZHWWHGVSUHDGLQJWHFKQRORJ\ZLWKDUDWLRRIEULQHWRGU\VDOW
7KH JRDO ZDV VHW WR HYDOXDWH WKH LQIOXHQFH RI WUDIILF YROXPH VSHHG JUDGLHQW URDG WH[WXUH DQG
SUHFLSLWDWLRQ UDWH RQ WKH GHFUHDVH RI UHVLGXDO VDOW (YHQ DIWHU  PHDVXUHPHQWV WKH GDWD LV QRW IXOO\
VXIILFLHQWWRHYDOXDWHHDFKIDFWRU+RZHYHUWKHUHLVHQRXJKGDWDWRSRLQWRXWWKHPDVVLYHLQLWLDOORVVHVDQG
JLYHDQHVWLPDWLRQRIUHVLGXDOVDOWGHSHQGLQJRQWUDIILFYROXPHXQGHUGU\PRLVWRUZHWURDGFRQGLWLRQV
'XH WR D ODFN RI PHDVXUHPHQW HTXLSPHQW RQ PRVW PHDVXULQJ VSRWV DW WKLV VWDJH RI UHVHDUFK WKH URDG
FRQGLWLRQVLQWKHZKHHOWUDFNVZHUHYLVXDOO\VHSDUDWHGLQWKUHHFDWHJRULHV
$ERXW  RI WKH DSSRLQWHG DPRXQW RI VDOW LV FDUULHG RXW RI WKH ZKHHO WUDFNV ZLWKLQ WKH ILUVW 
PLQXWHV UHVSHFWLYHO\  FDUV DV VKRZQ LQ )LJXUH D 7KHVH LQLWLDO ORVVHV DUH FDXVHG E\ VWURQJ DLU
PRYHPHQWV DERYH WKH URDG GXH WR WKH LPSDFW RI ZLQGV RU SDVVLQJ YHKLFOHV 7UDIILF DQG SUHFLSLWDWLRQ
LQGXFHUXQRIIRUVSUD\UHVSRQVLEOHIRUIXUWKHUORVVHVRIUHVLGXDOVDOWVKRZQLQ)LJXUHEZLWKWKHUHVLGXDO
VDOWDIWHULQLWLDOORVVHVDVDOORFDWLRQEDVHDQGWKHGHFLVLYHIDFWRUWUDIILFYROXPH2QZHWURDGVDIWHU
9HKLFOHV DOPRVW DOO UHVLGXDO VDOW LV JRQHZKLOH RQGU\RUPRLVW URDGV HYHQ DIWHU  WKHUH VWLOO LV DQ
DPRXQWRIWRJPðVDOWOHIWRQWKHURDG
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,QWKHPRGHOLQJSURFHVVUHVLGXDOVDOW56RQDURDGLVHVWLPDWHGXVLQJ)RUPXODDIRUGU\FRQGLWLRQV
DSSHDULQJPRVWO\DWSUHYHQWLYHVSUHDGLQJ)RUPXODEIRUPRLVWFRQGLWLRQVHJKRDUIURVWDQG)RUPXODF
IRU ZHW FRQGLWLRQV LQ FDVH RI SUHFLSLWDWLRQ ,QLWLDO ORVVHV DUH WDNHQ LQWR DFFRXQW ZLWK  RI WKH
DSSOLFDWLRQUDWH$5WKHGHFOLQLQJIDFWRULV WUDIILFYROXPH79LQWKHUHYLHZHGSHULRG6HSDUDWLQJWKH
LQLWLDO ORVVHV IURP WUDIILF LQGXFHG ORVVHV SURYLGHV KLJKHU DFFXUDF\ DQG IOH[LELOLW\ LQ WKH FKRLFH RI
GHVFULELQJIXQFWLRQVIRUORQJWHUPHVWLPDWLRQV)XQFWLRQVIRUWKHZKROHSURFHVVWHQGWRXQGHUHVWLPDWHWKH
UHVLGXDOVDOWLQWKHVXUIDFHWH[WXUHDIWHUPRUHWKDQFDUVHVSHFLDOO\ZKHQORZVDOWUDWHVDUHXVHG

56 $579GU\URDG5ð D
56 $579PRLVWURDG5ð E
56 $579ZHWURDG5ð F

&DOFXODWLQJWKHIUHH]LQJSRLQWRIEULQHRQWKHURDGIRUGLIIHUHQWGHLFLQJDJHQWV
7KHDPRXQWRIUHVLGXDOVDOWDORQHLVQRLQGLFDWRURIWKHULVNRILF\URDGVUDWKHUWKHIUHH]LQJSRLQWRIWKH
EULQHHPHUJHGRXWRISUHFLSLWDWLRQDQGUHVLGXDOVDOWKDVWREHFRPSDUHGWRWKHURDGVXUIDFHWHPSHUDWXUH
6LQFH WKHUH DUH VHYHUDO JRRG URDG VXUIDFH WHPSHUDWXUH IRUHFDVW PRGHOV 1&$5  WKH VXUIDFH
WHPSHUDWXUHLVFRQVLGHUHGDQLQSXWSDUDPHWHULQWKHSUHVHQWHGPRGHO7KHSUHFLSLWDWLRQILOP3)RQWKH
URDGFDQEHHVWLPDWHGDFFRUGLQJWR+DXVPDQQZLWK)RUPXODDXVLQJSUHFLSLWDWLRQUDWH55DV
EDVLVIRUDGU\XSPHFKDQLVPGXHWRWUDIILFYROXPH79DQGZLQGVSHHG:$WWKLVVWDJHSUHFLSLWDWLRQ
LVFDOFXODWHGEDVHGRQDQHTXLYDOHQWDPRXQWRIZDWHU7KHGLIIHUHQWEHKDYLRURIVQRZIDOOFRQVLVWHQF\DQG
GHQVLW\ZLOOEHDGGUHVVHGLQIXUWKHULQGHSWKILHOGUHVHDUFK$ORQJZLWKSUHFLSLWDWLRQKRDUIURVW+)LVD
VRXUFH IRU LFHZDWHU RQ WKH URDG DQG FDQ EH HVWLPDWHG XVLQJZLQG VSHHG : WHPSHUDWXUH 7 DQG WKH
GLIIHUHQFHEHWZHHQDFWXDOYDSRUSUHVVXUHDQGVDWXUDWLRQYDSRUSUHVVXUH'XVLQJ)RUPXODE+DXVPDQQ

3) 55+)H79: D
+) :'7 E
:LWKNQRZOHGJHRIUHVLGXDOVDOWDQGWKHDPRXQWRIZDWHURQWKHURDGWKHFRQFHQWUDWLRQRIWKHIRUPHG
EULQHRQWKHURDGLVFDOFXODWHGLQWKHPRGHOLQRUGHUWRGHWHUPLQHWKHIUHH]LQJSRLQW)RUFRPPRQGHLFHUV
WKHIUHH]LQJSRLQWLVORZHUDWKLJKHUFRQFHQWUDWLRQVXSWRWKHHXWHFWLFSRLQWZKHUHGHVSLWHIXUWKHUUDLVHRI
FRQFHQWUDWLRQ WKH IUHH]LQJSRLQW VWD\VDW D WHPSHUDWXUH OHYHO7KHFRUUHODWLRQKDVEHHQDQDO\]HG IRU WKH
FRPPRQ GHLFLQJ DJHQWV VRGLXP FKORULGH FDOFLXP FKORULGH DQG PDJQHVLXP FKORULGH HVWDEOLVKLQJ
IUHH]LQJ SRLQW FXUYHV DV VKRZQ LQ )LJXUH  7KH PDWKHPDWLFDO GHVFULSWLRQ LQ )RUPXOD D IRU VRGLXP
FKORULGH)RUPXODEIRUFDOFLXPFKORULGHDQG)RUPXODFIRUPDJQHVLXPFKORULGHDOORZVDGHWHUPLQDWLRQ
RIWKHIUHH]LQJSRLQW)3EDVHGRQWKHEULQHFRQFHQWUDWLRQ%&
)31D&O %&ñ%&ð%&D
)3&D&O %&ñ%&ð%&E
)30J&O %&ñ%&ð%&F
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
)LJ%ULQHFRQFHQWUDWLRQ)UHH]LQJSRLQWGLDJUDPIRUVRGLXPFKORULGHFDOFLXPFKORULGHDQGPDJQHVLXPFKORULGH
RQWKHEDVLVRIIUHH]LQJH[SHULPHQWVZLWKILWWHGIUHH]LQJFXUYHV
6RGLXPFKORULGHKDVIXUWKHUEHQHILWVGXHWRWKHIDFWWKDWFDOFLXPFKORULGHDQGPDJQHVLXPFKORULGHDUH
WKUHH WR ILYH WLPHV PRUH H[SHQVLYH DQG XQVXLWDEOH IRU GU\ VDOW VSUHDGLQJ DV D UHVXOW RI WKHLU KLJK
K\JURVFRSLFLW\,Q$XVWULD6DIHFRWHDVDQDGGLWLYHWRVRGLXPFKORULGHEULQHKDVEHHQWHVWHGRYHUWKHODVW
IHZ \HDUV E\ VHYHUDO URDG DXWKRULWLHV 7KH FKDUDFWHULVWLFV RI VRGLXP FKORULGH FDOFLXP FKORULGH
PDJQHVLXPFKORULGHDQG6DIHFRWHGLIIHULQFRUURVLRQHQYLURQPHQWDOLPSDFWWKDZLQJFDSDFLW\DQGFRVWV
*LYHQWKDW WKH\RQO\DSSHDUDVEULQHFRPSRQHQWLQSUHZHWWHGVDOWDSSOLFDWLRQDQGRQO\UHSUHVHQWWR
 RI WKH ZKROH DSSOLFDWLRQ UDWH XVLQJ WKH FRPPRQ EULQH WR VDOW UDWLR  WKH LQIOXHQFH RI WKHLU
FKDUDFWHULVWLFVRYHU WKHGRPLQDWLQJ VRGLXPFKORULGH LV ORZ0DNLQJXSRQO\ WKHPDUJLQDOSDUWRIDERXW
RIWKHZKROHVSUHDGLQJPDWHULDOWKH\UDLVHWKHSULFHE\WRFRPSDUHGWRVRGLXPFKORULGH
EULQHZLWKFRQFHQWUDWLRQ
)LOPWKLFNQHVVDQGVNLGUHVLVWDQFH
7KHDUHDDYDLODEOHIRUYHUWLFDODQGKRUL]RQWDOIRUFHWUDQVPLVVLRQLVOLPLWHGWRWKHVPDOOFRQWDFWDUHDRI
WLUHDQGURDG$Q LQWHUUXSWLRQRIWKHFRQWDFWGXHWRDPHGLXPOHDGV WRDGHFUHDVHLQWUDQVPLWWDEOHIRUFH
DQG WKHUHIRUH LQ VNLG UHVLVWDQFH ,I DPHGLXP LV OLTXLG LW ILOOV XS WKH URDG VXUIDFH WH[WXUH DV VKRZQ LQ
)LJXUH  UHGXFLQJ FRQWDFW DUHD DQG VNLG UHVLVWDQFH GHSHQGLQJ RQ WKH UHODWLRQ RI PHGLXP YROXPH DQG
WH[WXUHYROXPH,QUHVSHFWRIZLQWHUPDLQWHQDQFHSUHFLSLWDWLRQLQIRUPRIUDLQRUVQRZDVZHOODVLFHDUH
UHOHYDQWPHGLXPV
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




)LJ5HGXFHGFRQWDFWDUHDWLUHURDGGXHWRILOOHGWH[WXUHYROXPH
5HFHQWVWXGLHV+RIIPDQQHWDOXVLQJWKHVNLGUHVLVWDQFHWHVWLQJGHYLFH*ULS7HVWHU0.,,DQG
9DLVDOD'6&UHPRWH VXUIDFH VWDWH VHQVRUVSRLQWRXW WKH WKLQ OLQHEHWZHHQVXIILFLHQW VNLG UHVLVWDQFH
DQG VOLSSHU\ URDGV ,I WKH URDG WH[WXUH LV ILOOHG ZLWK VQRZ RU LFH SORXJKLQJ DQG VDOWLQJ UDLVHV VNLG
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UHVLVWDQFHRQO\IRUDVKRUWSHULRGXQWLOSHUVLVWHQWVQRZIDOOORZHUVLWDJDLQ+RZHYHUXQWLOURDGWH[WXUHLV
HQWLUHO\ILOOHGVNLGUHVLVWDQFHUHPDLQVDWDKLJKOHYHOJLYLQJZLQWHUPDLQWHQDQFHSHUVRQDODWLPHEXIIHUWR
LQLWLDWHSUHYHQWLYHVSUHDGLQJ7KHGXUDWLRQRIWKHWLPHEXIIHUXQWLOVNLGUHVLVWDQFHGURSVEHORZDFHUWDLQ
WKUHVKROGRI GHSHQGVRQVQRZIDOOUDWHDQGDYDLODEOHWH[WXUHYROXPH)RUDW\SLFDODVSKDOWURDGWKH
WLPHEXIIHULVDERXWWRPLQXWHVDWDFRPPRQSUHFLSLWDWLRQUDWHRIPPK
7KHFRUUHODWLRQEHWZHHQILOOHGWH[WXUHYROXPHDQGZHWWHGVXUIDFHKDVEHHQUHYLHZHGXVLQJDFKURPDWLF
ZKLWH ODVHU IRU D ' WRSRJUDSK\PHDVXUHPHQW RQ  VDPSOH FRUHV LQ ODERUDWRU\ WHVWV )LJXUH D VKRZV
FRUHV$B*DQG$B*WDNHQIURPULJLGSDYHPHQWVKDYHDFRQVLGHUDEOHKLJKHUWH[WXUHYROXPHWKDQ
WKHRWKHUVWDNHQIURPIOH[LEOHSDYHPHQWV7KHVNLGUHVLVWDQFHGURSVVXGGHQO\ZLWKDOPRVWILOOHGWH[WXUHV
ZKHQ VPDOO TXDQWLWLHV RI VQRZ DUH HQRXJK WR FRYHU XS WKH UHPDLQLQJ URDG VXUIDFH 7KH FRUUHODWLRQ RI
DVSKDOW VDPSOHV $B$$$B&%$B'&$B*ZLWKRI WKHYROXPH ILOOHGDQGRQO\
ZHWWHGVXUIDFHLOOXVWUDWHWKHWLPHEXIIHUDQGVXGGHQGURSLQVNLGUHVLVWDQFH7RZHWWKHUHPDLQLQJ
VXUIDFHRQO\RIWKHWRWDOWH[WXUHYROXPHLVQHHGHG
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
)LJD&RUUHODWLRQ)LOOHGYROXPH±:HWWHGVXUIDFHIRUVDPSOHFRUHVE7RSRJUDSK\ODVHUVFDQVRIFRUHV
$B*DQG$B$$
/DERUDWRU\ H[SHULPHQWV XVLQJ D 6573HQGXOXP VKRZ WKDW LQ ZHW FRQGLWLRQV VNLG UHVLVWDQFH GURSV
DOUHDG\DWD VPDOO DPRXQWRIZDWHURQ WKH VDPSOHFRUH)LHOG WHVWV 0DXUHU VKRZHGFRPSDUDEOH
UHVXOWVZLWKGURSSLQJVNLGUHVLVWDQFHIURPWRPPDQGIXUWKHUVWDJQDWLRQXSWRWKHPD[LPXPUDQJH
RIPP)RUWKHODERUDWRU\H[SHULPHQWVWKHWH[WXUHRIVDPSOHFRUHVZDVILOOHGWRDQG
ZLWKGLIIHUHQWW\SHVRIEULQHUHVSHFWLYHO\ZDWHU7KHGLIIHUHQFHEHWZHHQWKHEULQHVLQWKHUHODWLYH
GURSRQEDVLVRIGU\VDPSOHVVKRZQLQ7DEOHLVQRWVLJQLILFDQWFRQILUPLQJWKHILHOGWHVWV

7DEOH5HGXFHG6579DOXHVGXHWREULQHUHVSHFWLYHO\ZDWHULQUHODWLRQWRGU\VDPSOHFRUHV0HDQGU\6579DOXH PHDQ
RIVDPSOHFRUHVHDFKWHVWHGWLPHV
)OXLGILOOHGWH[WXUHYROXPH     
:DWHU     
6RGLXPFKORULGHEULQH     
&DOFLXPFKORULGHEULQH     
6DIHFRWH1D&OEULQH     
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,IWKHIUHH]LQJSRLQWRIWKHIOXLGRQWKHURDGLVEHORZURDGVXUIDFHWHPSHUDWXUHWKHSUHFLSLWDWLRQRQWKH
URDG VXUIDFH LV OLTXLG DQG VNLG UHVLVWDQFH LV ORZHUHG WR WKH OHYHO RI D ZHW URDG VXUIDFH XQGHU XVXDO
PHDVXUHPHQWFRQGLWLRQV2QO\ LQFDVHRIVQRZRU LFH WKH VNLGUHVLVWDQFH LQ WKHPRGHO LV ORZHUHGXVLQJ
UHIHUHQFHYDOXHVEDVHGRQWKHUHODWLYHUDWLRRISUHFLSLWDWLRQILOPWRURDGVXUIDFHWH[WXUH&RQWLQXRXV5RDG
6DIHW\,QVSHFWLRQVRQ$XVWULDQKLJKZD\VDQGRWKHUKLJK OHYHOFRXQWU\URDGVSURYLGH WKHQHFHVVDU\GDWD
FRQFHUQLQJPHDQ WH[WXUHGHSWKDQGHVWLPDWHG WH[WXUHGHSWK IRUHDFK URDGVHFWLRQ7RJHWKHUZLWKFORVH
PHVK ZHDWKHU IRUHFDVWV WKH PRGHO DOORZV D SUHGLFWLRQ RI VNLG UHVLVWDQFH RQ DOO SDUWV RI WKH KLJKZD\
QHWZRUNEDVHGRQWKHVHOHFWHGZLQWHUPDLQWHQDQFHVWUDWHJ\
5RDGFRQGLWLRQVWLPHVDYLQJVDQGFRVWV
,ISUHFLSLWDWLRQRQWKHURDGLVOLTXLGWKHVNLGUHVLVWDQFHOHYHOLQJHQHUDOLVKLJKHQRXJKWRPDLQWDLQVDIH
URDGVZLWKRXW IXUWKHUFRQVLGHUDWLRQDQG WKH URDGFRQGLWLRQ LV VHW WR YHU\JRRG0DQGDWRU\SODQQLQJ
SDUDPHWHUVHJFXUYHUDGLXVIRUQHZURDGVLQ$XVWULDHQVXUHDVDIHULGHXQGHUURDGFRQGLWLRQVDQG
5RDGFRQGLWLRQVJRRG PRGHUDWHDQGSRRUYDU\ LQ ILOOHGYROXPHDFFRUGLQJ WR7DEOH5RDG
FRQGLWLRQYHU\SRRUZLWKDVQRZOD\HURIPRUHWKDQFPLVWKHZRUVWFDVHVFHQDULRJLYHQWKHPRGHOLV
PDLQO\ XVHG RQ KLJKZD\VZLWK VWULFW UHTXLUHPHQWV RQZLQWHUPDLQWHQDQFH DQG WKH VQRZIDOO UDWH UDUHO\
H[FHHGVFPK
7KHFRVWVRIZLQWHUPDLQWHQDQFHDUHFDOFXODWHGXVLQJW\SLFDOFRVWVIRUSHUVRQDOHTXLSPHQWDQGGHLFHU
6LQFH FRVWV YDU\ IRU HDFK URDG DXWKRULW\ RQO\ LQGLYLGXDO FRVWV VKRXOG EH XVHG IRU WKH RSWLPL]DWLRQ RI
ZLQWHUPDLQWHQDQFHFRVWVIRUODUJHUURDGQHWZRUNV7RFDOFXODWHWKHEHQHILWRIZLQWHUPDLQWHQDQFH WLPH
VDYLQJVHPHUJLQJIURPEHWWHUURDGFRQGLWLRQVDUHXVHG7LPHVDYLQJVDUHHVWLPDWHGXVLQJWKHVSHHGOLPLW
DVEDVHDQGORZHUHGVSHHGIRUHDFKURDGFRQGLWLRQDFFRUGLQJWR%DUNHWDOIRUWUXFNVDQG&\SUD
IRUFDUV(PHUJLQJDGGLWLRQDOMRXUQH\WLPHQHHGHGWRSDVVWKHUHYLHZHGVHFWLRQV LVFDOFXODWHGIRU
HDFKWLPHVWHSDQGFRQGLWLRQ7KHVXPPDUL]HGWLPHORVVHVIRUERWKFDUVDQGWUXFNVSDVVLQJWKHVLPXODWHG
VHFWLRQLQWKHUHYLHZHGSHULRGDUHDQRXWSXWYDOXHIRUIXUWKHUFRQVLGHUDWLRQV
7KHWUDQVIRUPDWLRQRIWLPHLQWRPRQH\LVWDNHQLQWRDFFRXQWZLWK¼KIRUEXVLQHVVWUDYHOHUV¼K
IRU SULYDWH SHUVRQV DQG ¼K IRU WUXFNV DFFRUGLQJ WR5HJXODWLRQ1U  596 IURP7KH
HVWLPDWLRQRIDFFLGHQWFRVWVZLWKWKHSUHVHQWHGPRGHOLVDOVRIHDVLEOHEXWQRW\HWLPSOHPHQWHG

7DEOH5RDGFRQGLWLRQDQGVSHHGGHSHQGLQJRQSRVVLEOHIUHH]LQJILOOHGYROXPHZHWWHGVXUIDFHDQGVQRZOD\HUWKLFNQHVV
5RDGFRQGLWLRQ )UHH]LQJ )LOOHGYROXPH
:HWWHG
VXUIDFH
6QRZ
OD\HU
6SHHG
&DUV
6SHHG
7UXFNV
YHU\JRRG 1R     
JRRG <HV     
PRGHUDWH <HV     
SRRU <HV ! ! FP  
YHU\SRRU <HV ! ! !FP  

([DPSOHVLPXODWLRQIRUDVLQJOHKLJKZD\PDLQWHQDQFHGHSRW
7KH ILUVW VLPXODWLRQV RI GLIIHUHQW ZLQWHU PDLQWHQDQFH VWUDWHJLHV RQ D KLJKZD\ VHFWLRQ ZLWK W\SLFDO
UHJLRQDOZHDWKHU VFHQDULRV VKRZ WKH SRVVLELOLWLHV RI WKH SUHVHQWHGPRGHO 7KH UHYLHZHG VHFWLRQ LV 
ODQHNLORPHWHUVORQJZLWKUHVSHFWLYHO\ODQHVSHUGLUHFWLRQ7KHW\SLFDOZHDWKHUVFHQDULRLVFKRVHQZLWK
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VQRZIDOOIURPDPWRSPDWDFRQVWDQWVQRZIDOOUDWHRIFPKHTXDOVPPKZDWHUDQG
KRDUIURVWLQWKHHDUO\PRUQLQJWKHQH[WGD\7KHFDOFXODWHGURDGFRQGLWLRQVZLWKDQGZLWKRXWWUHDWPHQWDUH
FRPSDUHGLQILJXUH
$V UHIHUHQFH D XVXDO WUHDWPHQW LV VLPXODWHG XVLQJ  WUXFNV DQ DSSOLFDWLRQ UDWH RI JPð LQ WZR
WUHDWPHQWF\FOHV VWDUWLQJPLQXWHVDIWHU WKHEHJLQQLQJRI WKH VQRZIDOO HYHQWDQGDQRWKHU WUHDWPHQWDW
VKLIWFKDQJHSPLVXVHG,QWKHVHUHIHUHQFHVFHQDULRWRQVRIVDOWZHUHXVHGWKHWRWDOFRVWVDGG
XSWR¼ZLWKWRWDOWLPHVDYLQJVRIKIRU&DUVDQGKIRUWUXFNV
7KH FKRVHQ W\SLFDO ZHDWKHU VFHQDULR KRZHYHU DOORZV URDG DXWKRULWLHV WR PDLQWDLQ EHWWHU URDG
FRQGLWLRQVXVLQJKLJKHUDSSOLFDWLRQUDWHVDQGDGMXVWWKHWLPHRIWUHDWPHQWV7KHDPRXQWRIVDOWQHHGHGWR
SURYLGHURDGFRQGLWLRQDOPRVWDOO WKH WLPH LV WRQVDOPRVWGRXEOH WKHQXPEHUXVLQJ WKHUHIHUHQFH
VWUDWHJ\'RXEOLQJWKHDPRXQWRIVDOWLQJUDLVHVWRWDOZLQWHUPDLQWHQDQFHFRVWVRQO\E\WR¼
GXHWRIL[HGFRVWVIRUSHUVRQDODQGHTXLSPHQW7KHWLPHVDYLQJVDUHDOPRVWGRXEOHGWRKIRUFDUVDQG
KIRUWUXFNV
$PRUHHQYLURQPHQWDOIULHQGO\VWUDWHJ\ZLWKRQO\WUHDWPHQWVDWDQDSSOLFDWLRQUDWHRIJPðDQGD
WRWDO VDOW FRQVXPSWLRQ RI  WRQV FRPSOHWHV WKH JLYHQ H[DPSOHV ,Q )LJXUH F QR URDG FRQGLWLRQ
LPSURYHPHQWFDQEHVHHQGXHWRWKHYHU\VPDOOWLPHVWHSVWKH\RFFXU+RZHYHUWKHUHDUHWLPHVDYLQJVRI
KIRUFDUVDQGKIRUWUXFNVDWPDLQWHQDQFHFRVWVRI¼
'HSHQGLQJ RI WKH LPSRUWDQFH RI WKH URDG DQG WKH DYDLODEOH UHVRXUFHV WKH PRGHO SURYLGHV URDG
DXWKRULWLHV ZLWK WKH PHDQV WR FRPSDUH GLIIHUHQW ZLQWHU PDLQWHQDQFH VWUDWHJLHV DQG WKHLU UHVXOWV ,I
HFRQRPLFEHQHILWVEDVHGXSRQWLPHVDYLQJVDUHFDOFXODWHGWKHHQYLURQPHQWDOFRVWVGXHWRSROOXWLRQPD\
EHWDNHQLQWRDFFRXQWDVZHOODQGZLOOEHLQFOXGHGLQIXUWKHUYHUVLRQVRIWKHSUHVHQWHGPRGHO$FFRUGLQJ
WR 15&DQ  HYHU\ WRQ VDOW DSSOLHG RQ WKH URDG SURGXFHG  NJ RI &2 LQ SURGXFWLRQ 7KXV D
WUHDWPHQWZLWKJPðRQDPZLGHURDGUHVXOWLQJLQD&2HPLVVLRQRIJNPZKLFKLVPRUHWKDQ
 WLPHV KLJKHU DV WKH &2 HPLVVLRQ OLPLW IRU QHZ FDUV SURSRVHG E\ WKH (XURSHDQ FRPPLVVLRQ LQ
&20
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)LJ5RDGFRQGLWLRQV]HURRSWLRQWUHDWPHQWVDQGLPSURYHGURDGFRQGLWLRQVGXHWRZLQWHUPDLQWHQDQFHIRUD
FRPPRQVWUDWHJ\EKHDY\WUHDWPHQWFOLJKWWUHDWPHQW
5RDGFRQGLWLRQ 5RDGFRQGLWLRQ 5RDGFRQGLWLRQ 5RDGFRQGLWLRQ 5RDGFRQGLWLRQ




















































7UHDWPHQW 7UHDWPHQW 7UHDWPHQW














































































7UHDWPHQW 7UHDWPHQW 7UHDWPHQW








































































































7UHDWPHQW 7UHDWPHQW 7UHDWPHQW
:
LWK
RX
W
WUH
DWP
HQ
WV
7U
HD
WP
HQ
WV
$I
WHU

WUH
DWP
HQ
WV
&RPPRQWUHDWPHQWWRQV1D&O +HDY\WUHDWPHQWWRQV1D&O /LJKWWUHDWPHQWWRQV1D&O
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&RQFOXVLRQDQG2XWORRN
7KH SUHVHQWHG ZLQWHU PDLQWHQDQFH PRGHO DOORZV DQ DSSUDLVDO RI URDG FRQGLWLRQV IRU DQ\ ZHDWKHU
IRUHFDVWRUXVHUGHILQHGZHDWKHUVFHQDULRXVLQJYDULDWLRQVRIWUHDWPHQWLQWHUYDOVDSSOLFDWLRQUDWHVDQGGH
LFLQJ DJHQW W\SHV WR ILQG WKH RSWLPDO WUHDWPHQW VWUDWHJ\ XQGHU DQ\ JLYHQ ERXQGDU\ FRQGLWLRQV RU
UHVWULFWLRQV$WWKLVVWDJHIDFWRUVHJSUHFLSLWDWLRQILOPWKLFNQHVVVKRZVRPHYDULDWLRQLQWKHDFWXDOPRGHO
ZLWK WKH QHHG IRU IXUWKHU UHVHDUFK LQRUGHU WR DFKLHYH DPRUH UREXVW ILWWLQJ+RZHYHU DOO RWKHU IDFWRUV
KDYHDOUHDG\EHHQYHULILHGDQGVKRZSURPLVLQJUHVXOWV
7\SLFDOVLWXDWLRQVLQZLQWHUPDLQWHQDQFHKDYHEHHQVLPXODWHGDQGILQGLQJVKDYHEHHQGLVFXVVHGZLWK
VHDVRQHGZLQWHUPDLQWHQDQFHSHUVRQDO7KHRXWSXWVRIWKHPRGXOHVUHVLGXDOVDOWIUHH]LQJSRLQWDQGVNLG
UHVLVWDQFHDUHLQOLQHZLWKSUDFWLFDOH[SHULHQFHDQGWKHUHVXOWVRIILHOGDQGODE±WHVWLQJDQGFDQWKHUHIRUH
EHFRQVLGHUHGVDIHIRUSUDFWLFDOXVH
7KH WKHRUHWLFDO EDFNJURXQGRI WKHPRGHO KDVEHHQZUDSSHG LQWR D XVHU IULHQGO\ZLQWHUPDLQWHQDQFH
KDQGERRN IRU SUDFWLFDO XVH:LQWHUPDLQWHQDQFHSHUVRQDO KDVEHHQ LQYROYHG LQ WKHGHYHORSPHQW RI WKH
PRGHODQGZDV WUDLQHGZLWK VLPSOLILHGPRGHORXWSXWVDQGSK\VLFDOEDVLVRIZLQWHUPDLQWHQDQFH$NH\
IDFWRULVWKHQHHGIRUDSUHYHQWLYHWUHDWPHQWGXHWRVDOWORVVHVGHSHQGLQJRQWUDIILFYROXPH7DEOHVIRUVDOW
DSSOLFDWLRQ UDWH GHSHQGLQJ RQ URDG VXUIDFH WHPSHUDWXUH WUDIILF YROXPH DQG SUHFLSLWDWLRQ UDWH ZHUH
GHYHORSHG DV ZHOO )XUWKHUPRUH WKH FRVWV DQG EHQHILWV RI GLIIHUHQW EULQHV ZHUH FRPSDUHG DQG
UHFRPPHQGDWLRQVDUHJLYHQGHSHQGLQJRQUHJLRQDQGH[LVWLQJZLQWHUPDLQWHQDQFHUHVRXUFHV
)RU ERWK ZLQWHU PDLQWHQDQFH SHUVRQDO DQG URDG XVHUV VSHFLILF UHFRPPHQGDWLRQV IRU ILYH W\SLFDO
ZHDWKHUVFHQDULRVZHUHGHYHORSHG7KHZHDWKHUVFHQDULRVZHUHFKRVHQZLWKVNLGUHVLVWDQFHDVNH\IDFWRU
DQGYLVXDOL]HGZLWKSKRWRVIRUHDV\UHFRJQLWLRQ+RIIPDQQ
:LWKWKHVLPXODWLRQRIZLQWHUPDLQWHQDQFHWKHUHVXOWLQJURDGFRQGLWLRQVFRVWVDQGEHQHILWVRIIHUURDG
DXWKRULWLHVWKHRSSRUWXQLW\IRUDQRSWLPL]DWLRQRIWKHLUFRPPRQWUHDWPHQWVWUDWHJLHV7KHPRGHOPD\EH
LPSOHPHQWHG WR DOPRVW DQ\ URDG QHWZRUN ZLWKRXW VXIILFLHQW DGGLWLRQDO HIIRUW VLQFH PRVW IDFWRUV HJ
$$'7URDGOD\RXWDQGWH[WXUHDUHDOUHDG\NQRZQ(QYLURQPHQWDOFRQVHTXHQFHVFDQEHGHWHUPLQHGPRUH
H[DFWO\XVLQJURDGDQGGUDLQDJHOD\RXWFRPPRQUHJLRQDOZHDWKHUFRQGLWLRQVDQGDPRXQWRIVDOWLQUXQRII
RUVSUD\
,I WKH VLPXODWLRQ UHVXOWV DUH FDOLEUDWHGZLWK GDWD IURP UHDO WLPHPHDVXULQJ GHYLFHV RQ WKH URDG WKH
VWRFKDVWLF YDULDWLRQ LQ WKH FDOFXODWHG UHVXOWV FDQ EH UHGXFHG HYHQ IXUWKHU ,I WKH PRGHO RXWSXWV DUH
FRPPXQLFDWHGRQOLQH WR WKHZLQWHUPDLQWHQDQFHSHUVRQQHO IXUWKHU LPSURYHPHQWV LQ VDOWLQJ DQGZLQWHU
PDLQWHQDQFHDUHSRVVLEOH
5HIHUHQFHV
%DUN$/HYLQ&0DWWKHV9:LUNVDPNHLWGHV6WUDHQZLQWHUGLHQVWHVDXIGLH9HUNHKUVVLFKHUKHLW
XQGGLH:LUWVFKDIWOLFKNHLWGHV9HUNHKUVDEODXIHVDXI%XQGHVDXWREDKQHQ)RUVFKXQJ6WUDHQEDXXQG
6WUDHQYHUNHKUVWHFKQLN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%09

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